The present study was designed to investigate the erythrocytic changes caused by hyperlipidemia in rats and to evaluate the possible protective effects of curcumin and ginger supplementation. Forty male albino rats were assigned into four equal groups. Group I (control group), rats were fed basal diet. Group II (high-fat diet, HFD group), rats were fed HFD. Group III (curcumin supplemented HFD group), rats were fed HFD contain 0.2% curcumin. Group IV (ginger supplemented HFD group), rats were fed HFD contain 4% ginger. After 2 months, blood samples were collected from retroorbital venous plexus for determination of osmotic fragility of erythrocytes, membrane phospholipids composition and serum lipid profiles. The obtained results revealed that feeding HFD to rats significantly increased serum TC, TAG, LDL-C and phospholipid (phosphatidyl choline, phosphatidyl serine, phosphatidyl ethanolamine and phosphatidyl ino sitol) concentrations and significantly decreased hemolysis % at 0.4 and 0.5 % Na Cl concentrations as compared with control group. Whereas these changes ameliorated by dietary supplementation of curcumin and ginger as feeding HFD supplemented with 0.2% curcumin or 4% ginger significantly decreased TC, TAG, LDL-C and phospholipid concentrations and significantly increased hemolysis % at 0.4 and 0.5 % Na Cl concentrations as compared with high fat diet fed group. We concluded that supplementation with ginger and curcumin to HFD rats resulted in a significant decrease in serum lipid concentration, lowering membrane phospholipid and beneficially decreased mean cell fragility of erythrocytes thus restored the normality of erythrocyte fluidity in high fat diet fed rats.
inositol, inositol phosphates or glycerol (Koay and Walmsle, 1999) . The choline-containing phospholipid phosphatidylcholine (PC) is the most abundant type in animal cell membranes, and phosphatidylethanolamine (PE) is the second most (Williams, 1998) , with sphingomyelin (SM) also contributing significantly to the membrane phospholipid composition (Barenholz and Thompson, 1999) . Phospholipids PC and SM are contained on the outer leaflet of cell membrane, while PE and phosphatidylserine (PS) are on the inside (Koay and Walmsley 1999) . PE phospholipids are orderedcrystalline-phase lipids and can pack closely in membranes, while PC phospholipids are liquid-crystalline-phase lipids and do not pack close in the membrane (Hamai et al., 2006) . A combination of both phases is needed in cell membranes to regulate membrane fluidity.
Micro organisms adjust the order, or fluidity, of their cell membranes in response to changes in their physiochemical environment (Hazel and Williams 1990; Williams 1998; Barenholz 2002) . They do this by changing the membrane lipid composition (Allen et al., 2006) .
Membrane lipid changes can also result in changes in RBC membrane fluidity and deformability, which is important to these cells when passing through small capillaries. Changes in RBC membrane deformability could compromise oxygen delivery and could therefore contribute to disease outcome. RBC deformability correlates with the phospholipid PE to PS ratio (Allen et al., 2006) . Maintaining a balanced degree of membrane fluidity is important to RBCs because these cells are vulnerable to hydrolysis by serum phospholipase A2 (sPLA2) and a target for prostaglandin action with diminished fluidity and deformability (Harris et al., 2001 ).
During the past three decades, several beneficial physiological effects of spices (that are consumed mainly as food adjuncts to enhance sensory quality of foods) have been experimentally documented such as their hypolipidemic potential (Srinivasan, 2000) . Curcumin of turmeric (Curcuma longa) and ginger have been documented to have pronounced hypolipidemic influence in a variety of experimental animal systems (Hussain 1993 and 1994) .
From this point of view, the present study was designed to investigate the erythrocytic changes caused by hyperlipidemia in rats and to evaluate the possible protective effects of curcumin and ginger supplementation on these changes.
MATERIALS AND METHODS
Experimental animals:
Forty mature male albino rats weighing 120+10 g and averaging 4-5 weeks old were purchased from laboratory animal unit of faculty of Veterinary Medicine, Benha University. They were housed in stainless steel cages and maintained at 25+ 2ºC with a 12 hours light dark cycle and relative humidity 52%. The animals were acclimatized to the laboratory conditions for 7 days before the experiment (Abdel Ghany, 2008) . During this period, all animals were fed a balanced control basal diet according to Abdel-halim (2015) with ad libitum supply of fresh drinking water.
Materials:
A high fat diet (HFD) in which 45% of the calories were derived from corn oil was prepared according to Griffin et al., (2012) . This diet was fed to the rats during the experimental period for experimental induction of hyperlipidemia.
Fresh curcumin and ginger rhizomes (air-dried rhizomes of the herb), purchased from local commercial sources, were milled mechanically into fine powder. The curcumin powder was incorporated into the HFD, replacing an equivalent amount of ground corn to give 0.2% curcumin supplemented high fat diet (Kempaiah and Srinivasoan, 2006 ) also ginger powder was incorporated into the HFD, replacing an equivalent amount of ground corn to give 4% ginger supplemented high fat diet (Akinyemi et al., 2016) .
Experimental design:
The rats were assigned into 4 equal groups 10 rats in each:
Group 1: (Control group), rats were fed basal diet.
Group 2: (high-fat diet group), rats were fed HFD.
Group 3: (Curcumin supplemented HFD group), rats were fed high fat diet containing 0.2% curcumin powder.
Group 4: (Ginger supplemented HFD group), rats were fed high fat diet containing 4% ginger powder.
The experiment extended for two months.
Blood sampling:
At the end of experiment, two blood samples were collected from each rat from the retro orbital venous plexus. The first sample was collected in centrifuge tube without anticoagulant and placed in a slant position then centrifuged at 3000 r.p.m for 20 minutes to obtain the serum to be used in the biochemical analysis (determination of serum triacylglycerol, cholesterol, high density lipoprotein cholesterol and low-density lipoprotein cholesterol). The second blood sample was collected into a heparinized tube for determination of the erythrocyte osmotic fragility and phospholipids fractions in the rat erythrocyte membrane. The collected blood and serum samples were transferred (in an ice pack cooler) to the laboratory for analysis.
Biochemical analysis:
Serum TC, TAG and HDL-C were determined according to Young (2001) while LDL-C was determined according to Fried Wold et al., (1972) . Osmotic fragility of erythrocyte was determined according to the method described by Faulkner and King (1970) .
Moreover, phospholipids concentrations in rat erythrocyte membrane (PC, PI, PE, PS) in which the blood was collected in heparinized tube (1 ml blood/ ml extract) in each tube for, preparation of cell membrane of RBCs ghosts were determined according to Michele et al., (2007) . Extraction of lipids, membrane phospholipids and highpressure liquid chromatography procedures were determined according to Floch et al., (1957) .
Statistical analysis of data:
Results are expressed as mean ± standard error (SE). Differences between means in different groups were tested for significance using a One-way analysis of variance (ANOVA) followed by Duncan's test and P value of 0.05 or less was considered significant (using the statistical analysis system, SPSS.
RESULTS

The effects of high fatty diet and dietary supplementation of ginger and curcumin on serum lipid profile (table, 2).
Total cholesterol (TC)
Rats fed HFD showed significant (P<0.05) increase in serum total cholesterol concentration (160.98±8.56 mg/dl) as compared with the control group (79.23±8.06 mg/dl).
The serum total cholesterol concentration determined in rats fed on HFD containing ginger (119.58±4.66 mg/dl) was significantly (P<0.05) lower than that measured in HFD supplemented rats (160.98 ±8.56 mg/dl) but still significantly higher than that of the control.
The serum total cholesterol concentration determined in rats fed on HFD containing curcumin (96.14±5.00 mg/dl) was significantly (P<0.05) lower than that measured in HFD supplemented rats (160.98±8.56 mg/dl).
Moreover, nonsignificant difference was observed between the curcumin supplemented group and the control group.
Triacylglycerol:
Rats fed HFD showed a significant (P<0.05) increase in serum TAG concentration (119.51±8.47 mg/dl) as compared with the control group (87.96±2.36 mg/dl).
Feeding HFD-curcumin and ginger supplemented diets significantly (P<0.05) decreased serum TAG concentrations (88.84±4.94 and 97.00±7.96 respectively) as compared with feeding HFD (119.51±8.47 mg/dl). Moreover, non-significant differences were observed in serum TAG concentrations between HFD supplemented rats with curcumin or ginger or between these groups and the control.
High density Lipoprotein cholesterol:
Rats fed HFD showed non-significant (P>0.05) increase in serum HDL-C concentration (34.24±1.22 mg/dl) as compared with control group (26.83±4.69 mg/dl).
HFD-curcumin and ginger supplemented groups showed non-significant (P>0.05) increase in serum HDL-C concentrations (38.10±3.90 and 36.90±1.25 mg/dl, respectively) as compared with HFD supplemented group (34.24±1.22 mg/dl).
HFDcurcumin and ginger supplemented rats showed significant (P<0.05) increase in serum HDL-C concentration compared with control rats.
Low density Lipoprotein cholesterol:
Rats fed HFD showed a significant (P<0.05) increase in serum LDL-C concentration (102.61±8.70 mg/dl) as compared with the control group 34.81±3.99 mg/dl).
Feeding HFD-curcumin and ginger supplemented diets significantly (P<0.05) decreased serum LDL-C concentrations (40.28±1.47 and 63.28±2.34 respectively) as compared with feeding HFD (102.61±8.70 mg/dl). Moreover, non-significant differences were observed in serum LDL-C concentrations between HFD supplemented rats with curcumin or ginger or between these groups and the control.
Effect of high fat diet and dietary supplementation of ginger and curcumin on erythrocyte membrane phospholipids:
Rats fed HFD showed highly significant (P<0.05) increase in concentrations of all measured types of phospholipids (phosphatidyl serine, phosphatidyl inositol, phosphatidyl ethanolamine and phosphatidyl choline) as compared with the control group.
Feeding curcumin and ginger supplemented HFD significantly (P<0.05) decreased the phospholipid concentrations as compared with HFD supplemented group but the recorded concentrations still significantly (P<0.05) higher than those of the control.
Also, appearance of un defined peak in high fat diet supplemented group with curcumin observed by chromatogram of phospholipids.
Effect of high fat diet and dietary supplementation of ginger and curcumin on osmotic fragility of erythrocytes (table 4):
There were non-significant (P>0.05) changes in percentage of hemolysis of erythrocytes at 0.1, 0.2, 0.3, 0.6, 0.7, 0.8, 0.9 NaCl concentrations.
Rats fed HFD showed significant (P< 0.05) decrease of hemolysis % at 0.4 % and 0.5 % NaCl concentrations (0.97±0.57 and 0, respectively) as compared with the control group at the same concentrations (34.36±1.78 and 33.43±2.68, respectively).
HFD-ginger supplemented rats showed significant (P<0.05) increase of hemolysis % (7.43±0.88) at 0.4 % Nacl concentration as compared with the HFD group (0.97±0.57).
HFD-curcumin supplemented rats showed highly significant (P<0.05) increase of hemolysis % (14.54±1.65) at 0.4% Nacl concentration as compared with the HFD (0.97±0.57).
HFDginger and curcumin supplemented rats showed highly significant (P<0.05) decrease of hemolysis % at 0.4% (7.43±0.88 and 14.54±1.65, respectively) and 0.5% Nacl concentrations (1.43±1.33 and 1.15±0.18, respectively) as compared with control group at the same concentrations (34.36±1.78 and 33.43±2.68, respectively). 
Control group Hyperlipidemic group
Ginger supplemented group Curcumin supplemented group Figure ( 3): Effect of dietary supplementation of ginger and curcumin on osmotic fragility curve of erythrocytes in HFD fed rats (mean ± SE).
4.DISCUSSION
In the present study, rats fed HFD showed significantly increase in TG, TC and LDL-C concentrations and non-significant increase in HDL-C concentration when compared with the control rats. These results are in agreement with the results obtained by Abd El-Halim, (2015) who reported a marked significant increase in serum TG, TC and LDL-C levels and a non-significant change in HDL-C level after feeding rats with high fat diet.
Also, feeding HFD supplemented with ginger and curcumin resulted in marked significant decrease in TG, TC, LDL-C, and non-significant change in HDL-C concentrations when compared to HFD fed rats. Similar results were recorded by Abd ElGhaffar, (2014) after curcumin administration and by Akinyemi et al. (2016) after ginger administration to high fat diet fed rats. On the other hand, Mahluji et al. (2013) found that feeding rats with powdered ginger for two months, significantly decreased TG and LDL but no significant changes were observed in total cholesterol and HDL levels in diabetic patients. However, the mechanism by which curcumin and ginger lower plasma cholesterol could be due to increasing the removal of VLDL by peripheral tissues (Harris, et al.,1984) . Also, the hypolipidemic effect of curcumin and ginger was explained by Srinivasan and Sambaiah, (1991) who found that feeding ginger or curcumin to rats significantly elevated the activity of hepatic cholesterol 7- -hydroxylase, the rate limiting enzyme in bile acid biosynthesis, thereby stimulating cholesterol conversion to bile acids, resulting in elimination of cholesterol from the body, in addition, a pure constituent from turmeric and ginger was shown to inhibit cholesterol biosynthesis in a homogenate of rats' livers (Tanabe et al., 1993) .
Similarly, Alizadeh et al., (2008) concluded that ginger can increase the hepatic cholesterol 7a-hydroxylase enzyme activity and the conversion of cholesterol into bile acids, resulting in reduced serum cholesterol concentration. Also, there are compounds in ginger that inhibit the biosynthesis of cholesterol in the liver of rats beside the increasing effect of ginger on bile secretion, fecal excretion of phospholipids and reducing cholesterol levels (Sharma et al., 1991) .
Regarding phospholipids, the results of the current study revealed that, HFD fed rats showed highly significant increase in membrane phospholipids (phosphatidyl choline, phosphatidyl serine, phosphatidyl ethanolamine and phosphatidyl inositol) as compared to the control rats. These results are in consistent with that of Pelliniemi, et al., (1976) who found phospholipids of rat erythrocytes analyzed during hyperlipidemic diet showed significant increase in erythrocyte phospholipids concentration after 3 weeks from induction of hyperlipidemia. In contrast to that, the studies of Bagdade and Ways, (1970) showed a decrease in cholesterol and phospholipid content of erythrocyte membrane in patient with exogenous (dietary) and endogenous (hepatic) types of hyperlipoproteinemia. An alternate possibility is that composition and function of plasma membrane may be affected by adaptive modifications of enzymatic machinery to long -term alterations in substrate levels (Henriquez et al., 1979, Tepperman and Tepperman, 1963) .
Also, the results of the obtained study revealed that HFD rats showed highly significant increase in phosphatidyl choline as compared to control group. These results agree with that of Periago et al., (1990) who found changes induced by diet in the fatty acid composition of total phospholipids (highest levels of linoleic acid and lowest percentage of linolenic acid) observed in erythrocyte membranes PC with only minor changes in the fatty acid pattern of PE after feeding rats high fat diet.
In the present study, the significant increase of erythrocyte membrane phosphatidyl choline in HFD fed rats may be attributed to using corn oil as essential component in HFD of rats as corn oil contains relatively high concentration of (PUFA) (Valls, et al., 2003) so corn oil provides essential fatty acids mostly linoleic acid (Cedomila, et al., 2001) .
Dietary ginger and curcumin are documented to protect the structural integrity of red blood cells under hyperchelesterolemic situation by preventing the alteration in the cholesterol: phospholipid ratio of their membranes affecting their structural integrity and thus corrected the increased osmotic fragility of erythrocytes (Kempaiah and Srinivasan, 2002) .
A previous study conducted on mice showed that turmeric extract inhibited membrane phospholipid peroxidation in mice red blood cells and increased liver lipid metabolism, which indicates that turmeric extract has the ability to prevent the deposition of triacylglycerols with the liver (Asia et al., 1999) .
Regarding hemolysis % of erythrocytes expressed as hemoglobin released at different hypotonic concentrations of NaCl solution, erythrocyte osmotic fragility of HFD fed rats was significantly decreased compared to control normal rats. Thus, the osmotic fragility data suggested that red blood cells of HFD fed rats were relatively more resistant to osmotic lysis, but in HFD fed rats supplemented with ginger or curcumin the osmotic fragility partially and significantly restored toward normal level, also curcumin was more potent than ginger in this condition. Similar results obtained by Kempaih and Srinivassan, (2006) who found decreased fragility in HFD fed rats which was significantly restored toward normal by curcumin supplementation.
In the present study, feeding rats with HFD produced hyperlipidemia which significantly increased phospholipid concentration in erythrocyte membranes. Moreover, erythrocytes from rats under hypercholesterolemia, membrane fluidity was diminished while these cells featured C/P molar ratio (Kempaiah and Srinivasan, 2002) . Contrary to this observation of mean cell fragility of erythrocytes of hypercholesterolemic rats being higher than normal animals, the same was somewhat lower than that of normal control indicating a slightly increased rigidity of high-fat fed rats here. such a decrease in mean cell fragility of erythrocytes, or in other words, a slightly increased rigidity of the erythrocytes in highfat fed rats (Cazana, et al., 1990) . HFD-ginger or curcumin supplemented rats showed significant (P<0.05) increase of hemolysis % at 0.4 % Nacl concentration as compared with the HFD group. This is in agreement with the results of Kempaiah and Srinivasan, (2006) who concluded that, many spices (ginger and curcumin) displayed a protective influence on the erythrocyte integrity in the HFD induced hyperlipidemia. The obtained results may be attributed to that, ginger could lower lipid peroxide level in RBC membrane leading to a decreased susceptibility of RBC to hemolysis (El Kirdasy et al., 2015) and that, curcumin by itself did not cause either lipid peroxidation or hemolysis to RBCs and showed significant protection from lipid peroxidation and hemolysis (Niki, 1990) .
We concluded that supplementation with ginger and curcumin to HFD rats resulted in significant decrease in serum lipid concentration, lowering membrane phospholipid and beneficially decreased mean cell fragility of erythrocytes thus restored the normality of erythrocyte fluidity in high fat diet fed rats.
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